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This study examined the development of smooth visual 
tracking in 11 infants 2 and 3 months of age^ with particular 
attention given to the role of expectation in tracking complex visual 
motion. Data were gathered by recording the image of the infant's eye 
as he or she tracked a sinall computer-genera target as it moved in 
a_sinusoidal tra^ectory.acr^ Tracking of this 

motion required coordination of_hori26ntaI_and vertic 
movements. On 6 of 12 screen-transits presented^ the_amplitude and__ 
period of the sinusoid were suddenly reduced^ was 
decreased. Changes were expected to disrupt infants* tracking if 
infants were developing expectations for the base trajectory. 
Findingsindicated that tracking amplitude^ proportion of saccades, 
and phase lags improved with practice .: Changes in the sinusoid -__ 
disrupted tracking^ Fihdihg^^ suggest that 2- and S-mbnth-^old infants 
f orm expectations-ahoixt a_m^ object 's trajectory, and use 
expectations to facilitate tracking. (Author/RH) 
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This study examined the dcvclbpmcht of smooth tracking in young infants, espcciaUy 
the rblc that expectation plays in tracking of complex visual motion. The image of the 
infant's eye was recorded as he or she tracked a small computcf-gcncratcd target as it 
moved in a sinusoidal trajectory across a video monitor. Accurate tracking of this 
pattern of motion demands cbbrdinatibn bf hbrizbhtal and vertical eye movements and is 
facilitated by cxjjcctatibn of changes in direction that occur at peaks and troughs. 
Hence, sinusoidal trajectories were chosen over the simpler horizontal motions typically 
used in tracking studies. 

A 2.5 dcg target appeared 16 dcg tb the right of visual center and moved to the left 
at 7 deg/scc, fbllbwihg a sinusoidal trajectory with ainpHtude of 12.25 deg and period 
of 19 dcg. After traversing 32 deg, the target was replaced by a new one of 
approximately the same size, which moved at the same rate in the reverse dircctibh, 
following the same trajectory. Oh six of the 12 screen transits prcschtcd, the 
Amplitude and pcribd bf the sinusoid were suddenly reduced to 3 and 5 deg, respectively, 
while target velocity was decreased to 3.6 deg/sec. We expected the changes to >jrdduce 
disruption in tracking if infants were developing expectations fbr the base trajcctbry. 
Throughout the 3 min session^ the infant's right eye was videotaped by infrared corneal 
feflectibn. Calibration data were obtained prior tb the first screen transit. 

Tracking amplitude, proportion bf saccades and phase lags improved with practice. 
Changes in the sinusoid disrupted tracking. These findings suggest that 2-{a^3) and 3- 
(n=8) month olds form expectations about a mbving bbjcct's trajcctbry, and utilize these 



expectations to facilitate tracking, 
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INtRdDUCTlbN 



Accurate tracking of complex visual ihbtibh is characterized by an intricate balance of 
reactive cbrrcctibhs and anticipatory adjustments. Thus, a charting of infants' progress 
toward more skillfui tracking should provide a vehicle for garning iiiiight into the tariy 
development of these two underlying pfoccsscs. This -strategy fjuidcd the present study of 
2- and 3-month olds* visual tracking bf targets mbving along si^ usoida? trajectories. The 
tracking bf sihusbidal trajectories requires fairly precise cobrdiuation of horizontal and 
vertical eye movements and is facilitated by expectation of the changes its direction 
occurring at peaks and troughs. For these reasons, sinusoidal trajectories were chbsch 
for the present study rather than the simpler hbrizbntal trajectories typically used in 
tracking studies. 

GOALS OF THE STUDY: 

— to achieve a better understanding of the develbpmeht 
bf smooth tracking in young infants 
tb determine the role that expectation plays in young 
infants* tracking of complex visual motion 

NETHObS 

SUBJECTS: Eight 3-mbntfa did and three 2-month old infants. 



PRQCEpyi^E: Infants viewed* by mirrbr reflection, brightly colored targets (e.g., 
checkerboards) traverse a computer monitor following a sinusoidal trajectory as shown in 
Figure L The tracking task began when a small target, subtending a 2.5 deg visual angle, 
appeared 16 deg to the right of the infanfs visual center and began moving tb the left at 
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7 deg/scc. The target fdlldwed a horizontally oriented sinusoidal trajectory with 
ampiitudc of 12.25 dcg aiid period of 19 dcg. After four cycles, the target, now 16 deg to 
the left of visual center, was replaced by a different target, of approximately the same 
size, which moved in the reverse direction, at the same ratc^ and along the same 
sinusoidal trajectory. On six of the 12 screen transits presented, the ampiitudc and 
period of the sinusoid were suddenly rriduccd to 3 and 5 dcg arjplitudc and period, 
respectively, while target velocity was reduced to 3.6 deg/sec. Reduction in the size of 
the underlying sinusoid occurred after cither one, two of three cycles of the larger 
sinusoid, producing transits with: 

a) 1 cycle of the large and 5 cycles of the small sinusoid, 

b) 2 cycles of the large and 3 cycles of the small sinusoid^ 

c) 3 cycles of the large and 1 cycle of the small sinusoid. 



After tracing but the smaller sinusoid, the target was replaced by a new one which 
returned to the larger sinusoid for the start of a reverse transit. 

Calibration data from four screen locations were collected immediately prior to the start 
of the tracking task. Throughout the session, which took place in a darkened room and 
lasted approximately 3 min, the infant's right eye was videotaped using standard 
techniques of infrared corneal reflection photography. 




r: To assess the quality of tracking, the measures defined below, and 



depicted in Figure 2, were obtained: 



a) Phaa la& - defined as the time lag between peaks and troughs in the infant's 
tracking record relative to peaks and troughs in the target's trajectory; 
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direct ibii of gaze; 



defined as the distance between the target and the infant's 



c) Proportion sL saccades - defined as the pr opof tion of eye mdvemeiits with velocities 
greater than SO deg/sec; 

d) Bisruption In. tracking - defined as off-cask behavior sustained for more than 500 
msec, including blinking, looking away, excessive eye-head movement. 

RESULTS 



3-MONTH^ QLm 

Phase lag: 

A significant linear rclatibhship between phase lag and screen transit (t « -2.709; n 
< .01) indicated that tracking imprcvcd with practice. Within the session, there were 
several occasions on which one of the sinusoids was re&eated for at least 70% of the 
cycles of two adjacent transits. In these cases, we defined the first cycle of the 
repeated sinusoid during the second transit as ah "expected" cycle. Similarly, there were 
adjacent transits dh which the sinusoid was suddenly changed after a majority of cycles of 
the other sinusoid had occurred, in these cases, we defined the first cycle of the 
changed sinusoid as a "non-expected" cycle. Phase lags were markedly reduced on expected 
cycles, compared to non-cxpcctcd cycles^ for the large (i - 2.43; ft < .f/S) and small 
sinuscid (i s 1.86; ft -.11). In addition, consistent marginally signifi cant differences 
suggest that these facilitbry and interfering effects tended to persist beyond the first 
cycle, throughout the entire remaining transit (1 values from 3.3 to 1.5, with ft values 
.02 to .18). 
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Amplitude errgf: 

Amplitude error decreased with the number of transits presented (i • -2;67r a < .05), 
aiid was less on expected cycles, relative to non*expected cycles, of the large (i * 2.95; 
C < .05) and small (i - 2.3; ft - .06) sinusoids. However, these f acilitdf y and 
interfering effects tended not to persist on subsequent cycles. Amplitude error was 
gfcatcf during peak and trough regions, compared to ascent and descent regions for the 
large sinusoid ^^ft values < .05). Similar differences, though not statistically 
significant, obtained for amplitude errors in tracking the peaks and troughs of the small 
sinusoid. Finally, amplitude errof was less during tracking of the small sinusoid 
compared to the large (all ft values < .01). 



Saccades! 

The proportion of saccades tended to decrease with increasing number of screen transits 
presented (ft s .20) There were far fewer saccadc:i on the second transit than the first (ft 
< .001), and significantly more saccades during tracking of the small sinusoid when it was 
preceded by a majority of cycles of the large sinusoid (t * 4.1; ft < .01). In addition, 
there were more saccades during peak and trough regions of both the large and small 
sinusoids relative to CGMfesponding ascent and descent regions. 



gtsfwtiofls in tracking: 

Finally, the probability of failing to track the small sinusoid, which occurred less 
frequently overall than the large sinusoid, was greater than failing to track comparable 
portions of screen transits with the more frequent, large sinusoid (i * 1.77; ft « .07). 
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inspection of the tracking records of the three 2-moiith olds suggests a number of 
differences from the older infants. Most notably^ the 2-inonth bids characteristically had 
a greater prbpbrtibn bf saccades than the three month bids (Means of .25 and .15, 
respectively). Second, none bf the 2-m6nth olds showed disruptions in tracking the small 
sinusoid on its first appearance following a majority of repetitions bf the large 
sinusoid. This is in sharp contrast to the 3-mbnth blds^ nbne bf whbm were able to 
complete tracking this first transit bf the (hbn-expected) small sinusoid when it was 
preceded by a majority of cycles bf the large sinusoid. These differences can be seen in 
Figure 3. Disruption in tracking one sinusoid after several repetitions of the other 
f^inusoid generally did not occur until the 2-month olds had seen at least six screen 
transits. In contrast^ for the 3-mbnth bid infants, substantial disruptibn in tracking 
occurred by the fburth transit, when the underlying sinusoid was first changed after 
several repetitions of the former sinusoid. Like the 3-month olds, the younger babies' 
tracking seemed to improve with practice, although facilitating effects tended tb occur 
later for the younger infants. Tracking rccbrds frbm additional 2*mbhth bids arc required 
to test the reliability bf these age cbmparisbns. 



CONCLUSIONS 

L Two- and 3-month old infants were able tb fbrm expectatibns abbut trajectbries of 
visual movement^ and tb use these expectatibhs tb track more efficiently. 

2. When nbn-cxpcctcd trajectbries occurred, infants' tracking tended to become less 
efficient, br totally disrupted. 

1. Two-month olds tracked less efficiently than 3-mbnth bids, and tended tb take Ibngcr 
to develop expectations^ which — when apprbpriatc — facilitated tracking, or — when 
violated — interfered with tracking. 
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TABLE 1 



oUHHftRY OF FINDINGS FOR 3-HONTH OLDS 



PHASE LAG 



AHPLMDE 
EKROR 



SACOADES 



DISRUPTIONS 
IN TRACKING 



i. Mean 



358.6 msec 



2.26 clea 



.15 



.26 



2, Correlation; : 
vitb Transit j| 



.25 ** 



■ .31 



.09 



.40 



3 1 Oil Expsctsd 
Cycles of: 

a) Large Sinusoid 

b) Snail Sinusoid 



383.3 msec 
229.3 1S6C 



1.72 deg 
1.60 deg 



.16 
.05 



.203 
,375 



4. 6n Son -Expected 
Cycles of: 

aj Large Sinusoid 

bj Snail sinusoid 



476.6 isec 
3^2.0 isec 



2.70 deg 
2.06 deg 



.15 
.17 



.215 
.495 



5. Comparisons 



3a vs 4a * 
31) vs 4b + 



3a vs 4a * 
3b vs 4b + 



3a vs 4a ns 
3b vs 4b «* 



3a vs 4a ns 
3b vs 4b + 



i E < .15 

* B-< ;05 
V iOl 
£RiC 
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Target 
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V L/ W V 



Computer Monitor 




Videotape Recorder 



Apparatus and display for observing infants' ti^claiii. 
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Time (333 msec/tick) 



Infant's tracking record superimposed on target trajectoiy. Major 
tracking variables phase lag; amplitude error, and saccades ~~ are 
depicted. 
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Time (333 msec/tick) 



Companson of 2^ and 3-nidntJi olds' ticking records during the same 
screen transit. 
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